Background: The incidence of hepatocellular carcinoma (HCC) and its association with hepatitis C (HCV) and hepatitis B virus (HBV) infections, FIB-4 index and liver enzymes was assessed in an area of the province of Naples covered by a population-based cancer registry. Methods: We conducted a cohort investigation on 4492 individuals previously enrolled in a population-based seroprevalent survey on HCV and HBV infections. The diagnosis of HCC was assessed through a record linkage with the cancer registry. Hepatic metabolic activity was measured through serum alanine transaminase, aspartate aminotransferase, gamma-glutamyl-transferase, and platelet. The FIB-4 index was used as a marker of fibrosis. We computed HCC incidence rates (IR) for 100,000 (10
is about 2.2 %, with regional variations ranging from <1.0 % in northern Europe to >3 % in northern Africa. Within Europe, the lowest prevalence of HCV infection was reported in the United Kingdom and Scandinavia (0.01-0.1 %), and the highest one in southern Italy (7.5 %) [6] .
In Italy, population-based sero surveys showed a strong North-south geographic gradient [7] [8] [9] [10] , with high prevalence of HCV in the southern part of the country. In this area, particularly elevated HCV prevalence rates were recorded among the older segment of the population (23 % of people aged 65 or more was HCV-positive in a population-based investigation conducted by our study group between 2003 and 2006) [11, 12] . Chronic HCV infection (i.e., HCV RNA-positivity) is more common than chronic HBV infection, and high HCV prevalence is mainly due to iatrogenic transmission in the past decades [12] .
An estimated 55-85 % of people with HCV infection progress to chronic HCV infection, a condition that puts these people at risk of liver cirrhosis, liver failure or HCC at varying rates according to factors such as age, male sex, presence of other risk factors (e.g., alcohol), or to viral infections and metabolic characteristics [5, 6, 13, 14] . Liver fibrosis is a major negative prognostic marker, and the degree of histologic fibrosis in a liver biopsy sample is still the most common tool for staging liver diseases associated with HCV and/or HBV infections. However, such diagnostic procedure is affected by several drawbacks, and noninvasive serum markers have been proposed and validated to predict the progression of liver fibrosis, including the FIB-4 index -described in the Methods section [15] [16] [17] .
In this study, we took advantage of a population-based cohort whose baseline HBV and HCV seroprevalence was evaluated between 2003 and 2006 in the province of Naples, an area of southern Italy covered by a population-based cancer registry and with high incidence rates of HCC [11] . The main aims of this analysis were to estimate incidence and determinants of newly diagnosed HCC cases among the cohort members with special emphasis on the consequences of HCV RNApositivity-and the role of FIB-4 as an index of hepatic fibrosis in HCC.
Methods

Study design and population
The design of this population-based investigation is longitudinal. Our study took place in an area of the province of Naples, southern Italy, with about 650,000 inhabitants who are covered by a population-based cancer registry -the Campania Cancer Registry (CCR).
The enrollment in this population-based seroprevalence survey took place in [2003] [2004] [2005] [2006] , when 4496 individuals aged 20 years or older were randomly selected (after stratification for sex and age) from the resident population [11] . At enrolment, study participants were interviewed, blood sample taken and tested for HCV and HBV infections and for hepatic metabolic activity. Among these 4496 individuals, 336 were anti-HCV positives and 100 were HBsAg-positives, and they were the main target of this follow-up analysis.
Inclusion criteria
For the aims of this cohort analysis, we excluded four of the 4496 individuals tested in 2003-2006 because they had been already diagnosed with HCC at enrolment (i.e., they were prevalent HCC cases).
Data collection
A semi-automated, anonymous record linkage was carried out in October 2014 by means of a previously validated record linkage procedure [18] . We linked the database of the seroprevalence study and the database of the population-based CCR. HCC at CCR were identified according to International Classification of Diseases, 10th revision [19] and International Classification of Diseases for Oncology (ICDO, C22.0-C22.9 codes) [20] . Individual data regarding the occurrence of new HCC diagnoses and vital status were updated to December 2012 (last date of cancer registration).
Serum alanine transaminase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (γGT), and platelets counts were measured at enrolment with upper normal limits (UNL) of 40 U/L for AST and ALT; and 30 U/L for γGT [11] .
To assess liver fibrosis, we used the FIB-4 index, computed according to the following formula [15] :
. The FIB-4 values were divided into three groups/tertiles in order to make our results comparable with those already described in the literature [15] [16] [17] : FIB-4 <1.45, the lowest tertile, which identifies subjects without liver fibrosis; FIB-4 between 1.45 and 3.25, the intermediate tertile, which identifies subjects with mild to moderate fibrosis; and FIB-4 >3.25, the highest tertile, which identifies subjects with severe fibrosis.
Among the 4492 individuals included in this cohort analysis, 99 were chronically infected with HBV (i.e., they were HBsAg-positives); 243 were chronically infected with HCV (i.e., they were HCV RNA-positives); and 89 were anti HCV-positives but HCV RNAnegatives. Four individuals HBsAg-positives were also HCV RNA-positives (Fig. 1) .
Statistical analysis
Person-years (PY) at risk of HCC were computed from date of testing to date of HCC diagnosis; date of death or December 31, 2012, whichever occurred first.
Incidence rates (IR) of HCC were computed by dividing the number of new cancers by PY at risk. The association between selected variables, collected at time of testing, and the occurrence of HCC at follow-up was estimated by using the Cox multivariable regression analysis through the calculation of hazard ratios (HR) and 95 % CIs adjusted for sex, age, HBV and HCV infection. The probability of surviving according to HCV infection was computed according to the Kaplan-Meier method [21] .
All statistical analyses were performed using commercially available software (SAS Institute Inc., version 9.4, Cary, NC, USA; and STATA version 13, StataCorp LP, College Station, Texas).
Results
The 4492 cohort members included in this study (44.7 % men) had a median age of 45.7 years (interquartile range -IQR: 30.5-60.3 years), and they had been followed up for a median period of 8.0 years (IQR: 7.2-8.6 years). The median time from testing to HCC diagnosis was 37 months, while the median age at HCC diagnosis was 73.3 years (data not shown).
Twenty-two cohort members developed HCC during the 34,749 PYs of follow-up: two were anti HCV-negatives and HBsAg-negatives; 15 were HCV RNA-positives; three were anti HCV-negatives and HBsAg-positives; and two were anti HCV-positives/HCV RNA-negatives and HBsAgnegatives. Table 1 shows IRs and multivariate HRs for HCC according to selected characteristics collected at baseline. Overall, the IR of HCC was 63.3 cases/10 5 PY, and the cumulative incidence at the end of the follow-up period was 0. At multivariable analysis, statistically significant risk factors for HCC included age ≥60 years, HCV RNApositivity (HR = 61.8), HBsAg-positivity (HR = 75.0), elevated values of markers of hepatic metabolic activity, with elevated risks (highest versus normal level) ranging from 10-fold for γGT to 50-fold for platelet below 220. Increasing values of FIB-4 index were associated with increasing HCC risks -e.g., the highest FIB-4 tertile was coupled with a 17.6-fold higher risk of HCC, as compared to cohort members with lower values (95 % CI: 6.2-49.7) ( Table 1) .
The distribution of cohort members according to chronic HCV infection, FIB-4 index and HCC is described in Table 2 . HCV infection and FIB-4 index were strongly associated: 59.1 % of individuals with the highest FIB-4 tertile (68/115) were chronically infected with HCV, as compared to 15.4 % (110/714) of individuals with the intermediate FIB-4 tertile, and 1.8 % for those with the lowest FIB-4 tertile. The HR of HCC directly increased with increasing values of FIB-4, in both anti HCV-negatives and in HCV RNA-positives. In anti HCV-negatives, HCC risk was 79-fold elevated (95 % CI: 4.9-1285) in those with the highest FIB-4 tertile -as compared to the lowest one. Conversely, in HCV RNApositive cohort members, HCC risk was 771-fold higher (95 % CI: 100-5949) in those with the highest FIB-4 tertile -as compared to the lowest one ( Table 2 ). The highest HCC cumulative incidence (17.4 % after 4 years of follow-up) was recorded among HCV RNA-positives with the highest FIB-4 tertile (Fig. 2) . Furthermore, HCV-infection negatively affected the survival of the cohort members: after 8 years of follow-up, 94.6 % of the 4065 HCV-negatives was alive, as compared to 71.5 % of HCV RNA-positive individuals (p < 0.001) (Fig. 3) .
Discussion
This population-based cohort study of individuals tested for hepatitis viruses was conducted in an area of southern Italy with one of the highest incidence rates of HCC in Europe [1] . The study findings confirmed that people chronically infected with HBV (i.e., HBsAgpositive individuals) or HCV (i.e., anti HCV RNApositive individuals) are at a substantially higher risk of HCC than uninfected ones. In addition, to substantiate the well-established role of HCV on heightening the risk of HCC, the study findings add further, populationbased evidence to the few studies that have already The sum does not add up to the total because of missing values; b adjusted for gender, age, chronic HCV/HBV infections -except FIB-4, which was adjusted for gender and chronic HCV/HBV infections since age is included in the index; *reference category; **89 HCV-positive, RNA-negative study subjects who developed 2 HCC cases were excluded documented the prognostic value of the FIB-4 index as a non-invasive screening tool for HCC.
Early detection of HCC has remarkable survival advantages, and the efficacy of HCC screening is a matter of debate with particular regard to the role of non-invasive screening tools as alternative to, or in combination with, liver biopsy and fibroscan [22, 23] . A recent metaanalysis of studies carried out in patients with chronic HBV infection highlighted a modest diagnostic accuracy and sensitivity of the FIB-4 index for predicting liver fibrosis in these patients [24] . Conversely, in a cohort study involving 986 Korean HBsAg carriers, the FIB-4 index was shown to have a valuable role in HCC screening, as HBsAg carriers with high FIB-4 index were at very high risk of HCC [25] . High levels of FIB-4 were also significantly predictive of HCC among moderate or heavy alcohol drinkers [26] , and among HIV-infected patients [27] .
The FIB-4 index was firstly proposed to assess the presence of liver fibrosis in patients with HCV/HIV coinfection [28] and, subsequently, it was validated in a cohort of HCV-infected patients in France [15] , and in a large cohort in the United States. FIB-4 was shown to be a valid parameter for staging liver disease and monitoring HCV-infected patients in longitudinal studies [16] . Since advanced fibrosis is among the most important indicators in stratifying patients with chronic HCV infection for retreatment, Tanwar and colleagues [29] compared the performance of ten biomarkers of fibrosis among patients with chronic HCV and treatment failure. They assessed the impact on biomarker performance of two different assays of hyaluronic acid. Although many biomarkers exhibited good diagnostic performance for the detection of advancing fibrosis, the study findings highlighted a potential drawback, since the diagnostic performance was significantly affected by the selection of individual component assays [29] .
In the French cohort, FIB-4 values lower than 1.45 had a negative prognostic value of 94.7 % of excluding a severe fibrosis, while a value higher than 3.25 had a positive predictive value of 82.1 % [15] . Accordingly, the findings from this cohort study highlighted that individuals with a value In the area where the present study was conducted, more than 90 % of HCC cases were attributable to HCV and/or HBV infections, and the remaining to alcohol intake (6 %), smoking or other risk factors [30] . Accordingly, only two of the 22 HCC cases documented in this cohort were not chronically infected with HCV or HBV, whereas 15 were HCV chronic carriers and HBs-Agnegative.
In areas with high prevalence rates of HCV infection, as the one where this cohort study was carried out, the FIB-4 index of fibrosis seems to significantly improve the early identification of individuals at higher risk of developing HCC. From this perspective, it is worth noting that the time from FIB-4 measurement and HCC diagnosis decreased from 6.8 years in the HCC case with FIB-4 value <1.45, to a median of 2.8 years among HCC cases with a FIB-4 value higher than 3.25.
The rapid development of direct-acting antiviral (DAA) agents for HCV infection has driven substantial optimism on new therapeutic interventions, with regard to improved efficacy, lower frequency of side effects, and shorter duration than currently available therapies.
However, the potential effect of these new therapies is limited because of lack of systematic screening for HCV infection and the high cost of DAA. Among the members of this cohort, at time of testing less than half (n = 149) of the 332 HCV-infected individuals was aware of being infected, and only 42 of them (28.2 %) had already received conventional interferon-based treatment. Given the costs of DAA, there is heated debate on how to prioritize patients to be treated with these drugs, with European guidelines suggesting to privilege patients with advanced liver disease for DAA therapies [31] . The findings from this study may further help in addressing this issue, by suggesting that people with chronic HCV infection with a value of FIB-4 index >3.25 are at elevated risk of developing HCC in the next 4 years. Furthermore, people with chronic HCV infection with a value of FIB-4 index ≥1.45 are at elevated risk of developing HCC in the next 5-6 years.
It is worth stressing that these results derive from about 8 years of follow-up of 4492 people living in an area of southern Italy covered by a population-based cancer registry -the CCR [32] . Completeness and accuracy in the ascertainment of HCC cases occurring in the cohort was thus ensured by the longitudinal study design. Lack of information, at baseline, on some variables known to be associated with HCC risk (e.g., alcohol intake), or at follow-up on determinants of progression of liver disease (e.g., HCV treatment) needs to be mentioned. Furthermore, a relative small number of events limited the statistical power of sub-group analysis. Moreover, it was not feasible to estimate HCC risk in HBsAg-positives and in anti HCV-positive/HCV RNA-negative individuals because of a reduced statistical power due to a small number of HCC diagnoses (n = 3, and n = 2 -respectively).
In addition to the above discussed impact of HCV, HBV and FIB-4 index of fibrosis, our findings from the multivariable analysis confirmed the prognostic indication associated with other well established predictors of HCC. Values of ALT, AST, and γGT higher than normal were indeed associated with high risks of HCC even after adjustment for HCV infection, HBV infection and FIB-4 index.
Conclusions
Although the standard method to assess hepatic fibrosis in chronic hepatitis remains the histologic staging of liver biopsy specimen, findings from this populationbased cohort study support the results of the few studies that have already documented a predictive role of FIB-4 index of fibrosis for HCC occurrence. This effect was particularly evident in people with chronic HCV infection, thus offering new insights for identifying people at high HCC risk worth to be prioritized for receiving anti-HCV treatments. 
